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ABSTRACT

unmle 1AY PrHIEArY and seconddary part i les induce characteristic
FdmBda rav and neutron emissions {rog «ondensed bodies 10 our solan
wealem These characteriatic vRisst ar can he used "o abtain
pitditarive and quant it ative elemental and;vses of planetary
sutfates ftrom orbi®a: aitisules Remote senaing poasma rav

apedct ros op? has heen awecesctullv uses 'o obtain elemental
~opposition of the Monn sl Mars duting "nited States Apollo 1.
dand ibh missions and the Soviet luna aml Mar . misnions A remnte
wisIng pamla tav and neutron specrtom=t el will he inelided aboard
*he "nited States Hars thaeiver Mission it proper care In it
ragen In he desipgn of the spec?iometel aul cholve of saterials
e ot tion f the detertor svstem amel spareciatt the

i tivity of thewe 1emote sensing <pec ' 1ame’ et can he proea’ v

v acded A i usnion 0! "hewe fow:iys o 1atertal selec? 2o



1. INTRODUUTION

Remote sensing gamma rav spectiometers have heen successtully
tlown on a nunher ot USA and Soviet planetary misstions Gdlma tav
spectrometers *lown aboard Apolios 195 and 16 were used to obtain
maps of the chemical composiri?n)of 4 number of kev elements for
about 208 of the lunar surface '* A Nal(Tl) detector was

used. One of the instruments scheduled to flv on the Mars
Observer mission in 1997 {s A gamma ray spectrometrer (GRS)
utilizing a high purity germanium detector, hp(Ge)r, and also
having the capabilitv ro Jdetect low-energy neutrons.

By detecting the gamma ravs 4and neutrons e¢mitted trom Mars, the
abundances and stratigraphy ot a numher of elements will be
determined along with results related to Martian volariles «H,0
and V0L and climate Relatively sirong pamma rav 1ines are
Tade by the decav ot the naturaily radioactive viements F, Th and
't and by cosmic-rav interactions (mainl; the inelastic scatter or
capture ot neutrons) " Many of these pamma rav lines can be
used o determine elemental abundances of all major and nanv minor
elements in the top few tens of centimeters ot the Martian surtace
with an areal resolution ot the order of the spacecraft alt tude,
which will he 160 km Both the gpamma ravs and neutrons emi®®ed
trom Mars will be sensitive indlcators of the presence of hxdzngvn
iwater) in, or carbon-dioxlide trost on., the Martian surface -
There are a number of sources ot background that, if not either
minimized or unders - ood. would substantially degrade our ability
to determine the elemental composition ot 4 planetary surtace from

an analvsis ot the spectrum measured by a remote sensing pamma-rav
sSpectrometer

Il BACKGROUND COMPONENTS

in order *o illustrate the varioas background (omponents, ‘et us
ook 4t the results obtained from rthe analvsis ot rhe Apolio Gumga

Ravy Spectrometer measurements The tlrat maror hackpround
compenent to he considered s that due to charpged particles 1n *he
cosmic tavs interacting with the pamma rav detsctor Table 1

<hows the ratio of the count rates (n various enerpgy intervals tm
pamma ray Interactions to those of pasma rave plus particle
interactions An active charged particle anti-coincidence shieid
was used to signiflcantly r1educe {f not completely eliminate the
sharged particle bhackpround Mhe basis tor nperation ot wuch w
shield 1y 5 follows The pamma 1av detector chieh & materiai o i
surtennded by w o plastc seint Tlat o clow S omaterials hat ped
T N N T S VAT (T I | TR FTERS RVLIEY (VTR FRT PO EPPL S MR TR



scintillator ind gamma rav detector whije the pamma ravs will
produce detectable interactions in the pgamma rav detecinr but have
4 low probabilitv ot detection in the piastic scintillator. iIn
this manner. voincidenve puise rejection is used to eliminate
vharped particle events i1n the measured pamma-rav pulse height
spectrum. Thus. measurlevments with the shicid disabled represents
a mixed gamma-rav and charged particle measurement, while
measurement with the shield enabled represents the comparatively
pure gamma-rav component. As can be seen. the charged particle
background dominates the count rate above [ MeV,

Tabtle 1

The ratio ot pamma-rav interactijons ranti-coincidence shield
enabled) to that of pamma rav plus chatrpged-particle {nteractions
shield disablicd) us 4 tunction ot energy measured during the
Apollo i* mis ion in mbit around the moon

Fnergy MeV EnaQled , Disgbled . Pisabled
cm ‘s ‘MeV ' oom st MeV ! Enabled
’h } ! 1 0
1 18 ) 13
20 08 13 1.6
5 0 08 06 T2
10 1 00? 0% A
JO 0 000 ;" 051 68 .

To {llustrate the importance of the active shield., consider the
ramma-rav pulse height spectrum obhtaired during Apollo 16, shown

in Figu e | The srrongest characteristic pamma rav emission
Vines for such elements as 0 Fe, T1, Al are ftound at enerpies
above ' MeV These ines would be much harder to detect without

*he ane of an actdve charged pantticle antd coinctdense shield
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The observed pulse-height spectrum (*, top curve), the
spectrum due to the contiruum of phaotons from the Moon (top
line), and the net discrete iine gamma-rav pulsed height
spectrum (+) obtained with the Gamma-Rav Apollo Remote Sensing
specirometer during the Apollo 16 mission and the calculated
contributions ‘solid lines) to this epctrum by {ndividual
elelments in the moon The energy scale is 19.3 keV/channel

Figure 2 showe the actual gamma-ray pulse hefght spectrum measured
in lunar orbit and the background tota'. The various sajor
background components are also inqicated in Figure 2. The major
background components shown are '":



COUNTS 1000 SFC

*)

vl

07

-—E . '

- ' '\ e \.\'ﬁ'v.-'. T

- . .\ .__-._--‘l-—.—é.‘.i:;‘.-i:'l
- L] ..I -~

RREILL ol alB ot eumsnnas men e n !

" COMPOSITION OF AVERAGE APOLLO 16 LUNAR SPECTRUM

=
-
-
1
o g P mpy tinw: gy L g @ 2 -, ™ aer J
@ ——8 Sr.0n00's . 0r AOIE ' M008 . . wen,
- T = LR L - O AN Bwunet A |
¢ ——=a bivigr emunign sy tor wWa T —
B om—— LU Gy gy
8 == NP0 S ABTurS SB-GIKIN-IY n Wamer - Y 3
—_—=== M.LDIF Ml G MODA Our G YR RlarAy - T gas P
— VLB I e MENa g Omrs (OriErgty of TP [ R 'q
3
-
-
-
-

[ v WIRNE lungr 1Ry
[] o

[QLLY 3L N

Total gamma-rav emission pulse height spectrum (*, top
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components of the background as reasured by the Apollo
Garma-Pay Remote Sensing Spectremete: in lunar oruit The
nergy scale is 19 3 keV. channe

Gamma-ray continuum from the surface Since a4 ma)or portion
of this bLarkpround component can be atfributed to multipie
scatter in the surface, the shape of the continuum can vary
over the planetary surface, due for cxample to variations in
concentration of the naturally radicactive species K, Th, U
This variatjon was seen quite distinctly on the Moon

Spacecraft pamma-ray emission  These emissions can be
attributed to natural radicactivity and to counic-ray prinary,
tostic-ray secondary, and surface leakage particle {nduced
activation “"tior to the Jounc hing of Apollos [5 and )¢,
detarled curvevs of *he cjacecraft were carrged ot to
determine it radiat: o oseat)inens Table Jolinty g

tnurber ! cources Tocarted daring the ey
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Sources on IM Ascent Stage

Tritium 1. curies Porrable lLite Suppors
Svstem

Promethium - 147 21.3 curies Radioluminescent Discs in
Lunar Module

Promethium - 147 0.2 curies Self-Luminicus Switch Tips
in 1M

Potassium - 40 }.7 microcuries Two Batteries

o

In order to reduce the background due to gamma-ray emission
from the spacecraft., the Apollo gamma-rav detector svstems
were placed on hooms and extended awav from the spacecraft.
The criter:a used to determine boom length (8m) on the Apollo
spavecraft was to extend the detector awav from rhe spacecraft
such that the solid angle subtended bv rhe boom and the
spacecraft be at most one tenth of that subtended by the
surtace of *he moon 1at the detector). The spacecraft
contrihution due to cosmic-ray interaction and natural
radiocactivity for the lunar case was determined by measuring
the gamma-rav emission as a function of distance, at
intermediate and full extension of the boom during trans-lunar
flight. These measurements were repeated in lunar orbit and
the effects of the particle leakage from the lunar surface was
thus determined.

Emissions from materials surrounding the detector.
Contributions from the natural radioactf{vitv and Induced
activity from local mass were inferred in the case of the
Apollo measurements as a residual after all other components
vwere subtracted from che pulse height spectrum . Great care
was taken in constructing the Apollo gamma:-rav spectrometer to
reduce both naturallvy radioactive materials such as K-40 in
the glass of phototubes and other materials that might
significantly intertere with the measurcment of the
characteristic surface gamma-ray emission spectrum. A more
comprehensi{ve program of control has heen developed for the
Mars Observer Gamma Ray Spectrometer and will be discussed
later

Gamma-rav emission from the gamma tay detecton Detector
activation due to cosmic rav primuy and secondary and o0 ¢ 0p
LeAraRe pat? 1o tes can produce both o cont foaoay and diserete
Hne tearares 1n the measured pulse heipght apectra The
shapes ot the hackpround component s are 1 ime dependent Thi
s duye 1o the faer that *he exciring tlax chanves with time



(e.g., trans-Mars, Mars orbit, solar flares) and the important
ac-ivated species have ranges of half-lives from fractions of
seconds to many years. Interaction cross-sections and
detector response functions must be determined for all the
component nuclear species produced must be determined, and
calculational methods for predicting these background as a
function of time and nature of the incident flux must be
daveloped. Sush a calculation system was developed for the
Apollo program’® and is now being extended for applicatirn to
the Mars Observer Gamma Ray Spectrometer program. Accelerator
experiments in both Europe and the United States have been
performed to study activation in detector systems using such
detector materials as Nal, Csl, hpGe, and BGO. Further
studies will be carried out by the Mars Observer Gamma Ray
Spectrometer Flight Investigation Team at accelerators in
France and Switzerland. Emphasis will be placed on the
studies of high purity Ge and BGO. Spaceflight experiments
carried out on Apollo 17 and Apollo-Soyvuz were used to verify
the calculation system. Results of the expected respunse of a
Nal detector imn earth orbit, and the activation due to cosmic
rays and the time dependence due to passing through the

trapped radiation belts (i.e., the South American Anomaly)9
are shown in Figure 3.

|.D T
SIMULATED MARS SPECTAULRN
10
c
[ ]
v
wi10? ¢
' \
)
1
1
]
L]
0107
"
a
)
e}
e f

[} 1000 «000 6000 o800 10900 12000 14003
tmBEniL 10.8 sEVv/CHARDIL)

Time dependent expected response of a Na(Tl) detector in Earth
orbit due to activation by cosmic ray primaries and
secondaries and to trapped radiation.



5) The cosmic gamma ray background. This component is constant
in time and small relative to gamma ray emission fiom a
planetary surface. Detailed measurements of this component
were carsifg our during the Ranger 3 and Apollo 15 and 16
missions’'*". The origin of this emission is still
unknown. Subsequent balloon Tnd satellite flights have
confirmed the Apollo results1 )

6) Jovian elextron bremsstrahlung emission. High-energy
electrons interacting in the materials surrounding the
detector produce a bremsstrahlung X-ray/gamma-ray spectrum.
This is a continuum and is seen at all energies of interest in
remote gamma ray spectrometers. This flux varies with time
and space (l.e.. in the solar system) and therefore becomes
rather difficult to predict unless simultaneous electron
measurements are made. This effect was first noticed as a
difference in magnitude between the total lunar spectra
measured for Apollo 13 and Apollo 16. This difference was
traced to the change in magnitude of the high-energy electron
flux nsar the Moon, which is believed to be of Jovian
origin’.

I11. BACKGROUND REDUCTION PROGRAM FOR THE MARS OBSERVER
GAMM RAY SPECTROMETER (GRS)

A more detailed consideration of the program for the background
reduction for the Mars Observer Gamma Ray Spectrometer will be
given below. All instruments on the Mars Observer sgpacecraft are
subject to constraints in regarcd to money, mass, power, and data
rates, thereby restricting thelr decigns. However, an equally
lmportant constraint for the Mars Cbserver GRS Is that the
spacecraft, other instruments, and the GRS itself cause minimal
in~erfere with the planetary gamma ravs and neutrons of interest.
[t must be remembered that the Apollo results were obtained with a
Nal(Tl) detector while the Mars Observer utilizes a hpGe

detector. The Mars emission quctrum expected with a hpGe
detector is shown in Figure 4°¢ The improved spectral

resolution should allow us to obtain elemental analysis for more
elements as compared with the Apollo system. This in a sense then
further complicates the material control problem since we hope to
be able to measure the abundances of many more elements,

Secondly, the Mars Observer GRS will be used to obtain global
elemente]l composition maps, thus spectra must be determined over
small spatial surface elements. From the experience obtained on
Apollo, it is predicted that about one half hour of data
accumulation will be trequired over 4 particular surface element in
order to obtain enough statistical accuracy to perform detatled
¢lemental analvses. [If one looks 4t orbital characteristlics and
considers elements near the Martian equator, this will require
summing up data over about a Martian vear (about two Farth



years). Over this pariod of time, the background contribution
will change. Furthermore, the Martian particle leakage spectrum
will vary as a function of spatial position in Mars orbit because
of chemical variation in surface composition. This is
particularly affected by major changes in the hydrogen content
because of soil-to-ice compositional changes. Thus it is
important to minimize the background contributions where possible
and be able to predict the background variation with time and
orbital position.
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Predicted Mars surface emission spectrum using a hpGe detector

of theliiZe being considered for the Mars Observer GRS
system™“.

With these factors in mind we look at the Mars Observer GRS design
and the plans for controlling and for understar I(ng and predicting
the various background components.

A radiation survey of the Mars Observer spacecraft will ope
conducted to minimize unexpected natural and artificial
radioactivities, and limits of radiations from the spacecraft that
reach the GRS have been included in the mission’s science
requirements document. It has been requested that certain
elements that are excited by thermal reutrons, such as gadolinium



and samarium, not be used if possible and that an inventorv of
such materials and their amounts and positions in the spacecraft
be reported.

The GRS will be mounted on a six meter hoom to reduce backgrounds
from the spacecraft and other instruments. The detector is
separated from the major electronics components. The electronic
components are packaged in the Central Electronic Assembly (CEA).
By mounting the CEA on the spacecraft the hbackground from local
matter can be further reduced.

A cross section of the Mars Observer GRS detector design is shown
in Figure 5. The gamma ray detector will be hpCe cnoled by a
passive radiator and surrounded by a plastic anticoincidence
shield to reject puises produced in the hpGe by charged cosmic-rav
particles. By including several weight percent of boron in the
plastic scintillator, the anticoincidence shield can a{io be used
to detect low energy (thermal and epithermal) neutrons The
orbital velocity of the Mars Observer spacecraft, 3.4 km/s, is
faster than that of a thermal neutron, so the neutron counts in
the front, back, and side faces of the GRS anticoincidence shield
can be used as a Doppler filtTS iz distinguish between thermal and
epithermal neutrons from Mars ”'"". Energetic (~1 MeV) neutrons
can be detected by the irregular-shaped Ge inelastic scattering
peaks (which have long tails at energies higher tth the inelastlic
gamma ray energy) that they produce in the spectra“”.

While the Mars Observer GKS Flight Investigation Team will have
little control over the materials used in the spacecraft and other
instruments, strong restraints have been {mposed on the GRS
instrument contractor relative to the materials that may be used
in construction. Testing for unintentjona! radioactivities and
elemental contamination in all materials used in the GRS
construction also is being carried out. An example of this
control program is presented to {llustrate the approach. While
beryllium would be a good choice for building the instrument
(light and very few cosmic-ray Induced gamma rays), the risk of
radioactive contaminations in most commercially available
materials, which was observed in samples of heryllium, was
initially found to be too great to perinit their use. Graptite
epoxy is being seriously considered tor some parts of the GRS
structure, but we discovered an unacceptably high concentration of
chlorine in epoxy samples. Chlorine may be an imporiant elemen:

In Martian duricrust, and chlorine also produces background lines
In fmportant spectral regions. Control was then imposed on th
prapt {te epoxv materlals and chlorine-free matoerials are now

available.  Similar efforts for cotaining Be with low activity
have bheen fmplemented, and [t §s helloved that nome materials mav
soon be commercially avaflable.
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Cross section view «f the preliminary design of the Mar:
Obs:~ver GRS

An atterxpt has been maie to limit {n the GRS the amounts of almost
all elements of interest in the Martian surface to levels that
produce less background than that coming from the spacecraft or
from the Martian surface In crder to quantify this etfect of
various chemical elements' ¢ imma-rav emission as a function of
position relative to the ory detector, tahles of acceptabile mass
divided by the squate of the disvtance of that matertal trom the
hptee detector have been complled for several kev e ements,
L) These limits were derived by caicuiating, *he expected
gamra 1av flux at the detector for a number of {mportant
jrochemical components in the Martian surface and compar {ng
these fluxes with those exproted from detecnr nr spaceciaft
construction materials

{ Tah le
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These tables indicate which materials in the GRS would contribute
most significantlvy to our backgrounds.
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The observed pulse-heiph! spectrum (4, top curve)r, the spectrun
due to the continuum ot photons trom the Moon (top line), and
the net discrete line pamma-rayv pulsed height spectrum )
obtained with the Cammi-Rav Apollo Remote Sensing spectrometer
during the Apoilo 16 mission and the calculated contributions
tsolld lines) to this spectrum by individual elements in the
moon. The energy scale is 19 4 keV.channel .

Total gamaa-rav emission pulse height spectrum (*, top points,
the net lunar gamma-rav spectrum ¢), and the components ot the
hackground as measured by the Apollo Gamma-Rav Remote Sensing
Spectrometer in lunar orbit The energy scale {s 19 3
keV/channel

Time dependent exper ted response of a Hal(Tl) detector in Earth
orbit due to activation by cosmic rav primaries and secondaries
and to trapped radiation

Predicted Mars surface emission spectrum using a hpte detectol
ot the ﬁl:e belng considered for the Mars Observer GRS
svatem!

Cross section view of the preliminary desipgn of the Mars
Observer GRS






